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Cutaneous Blood Flow in Psoriasis 
PER KLEMP, M.D. AND BENT STABERG, M.D. 
Departments of Dermatology and Clinical Physiology, The Finsen Institute, Copenhagen, Denmark 
The disappearance rate of 13 aXe was studied in 20 
patients with psoriasis vulgaris, using an epicutaneous 
labeling technique in involved skin lesions or normal-
appearing skin of the proximal extensor site of the fore-
a rm. Control experiments were performed in 10 normal 
subjects. 
Calculations of the cutaneous blood flow (CBF) in 
psoriatic skin lesions were performed using a tissue-to-
blood partition coefficient for 1 33Xe, Ac.pso . of 1.2 ml/100 
g/min. "-c. pso was estimated after the relative content of 
water, lipids, and proteins had been a nalyzed in pso-
riatic skin biopsies of 6 patients with untreated pso-
riasis. The mean relative content of water was markedly 
reduced to 23.5 ± 1.5% (SEM), and lipids and proteins 
were markedly increased to 2.5 ± 0.7% and 7 4 .0 ± 2.2, 
respectively, compared to previously published data for 
norma l skin (water 72.5%, lipids 1%, proteins 26.5%). 
Mean CBF in untreated psoriatic skin was 63.5 ± 9.0 
ml/1 00 g/min. This was significantly higher than the 
mean CBF in 10 normal subjects, 6.3 ± 0.5 ml/100 gf 
min (p « 0.0001). Mean CBF in normal-appearing skin 
in patients with psoriasis was 11.0 ± 1.3 ml/100 gjmin . 
This was significantly higher than CBF in normal sub-
jects (p < 0.0002). 
The etiology of psoriasis is still unknown, but vascu lar 
ch a nges undoubtedly play a s ignificant role in t he pathogenesis 
of t his disease. Severa l morphologic studies have s hown abnor -
ma l coi led, e longated capilla ries in dermal papillae of psoriatic 
s kin [1-3], a nd even abnormal cap illa ries in n onlesional s kin 
h ave been reported (4,5 ]. Various methods for qualitative esti-
mations of t he blood flow in psoriatic skin have been used in 
t he past. H oweve r, a rev iew of t he large volume of scien t ific 
literature o n psoriasis, revea ls t hat a reliable quantitative meas-
ureme nt of blood flow in psoriatic skin has not yet been 
published. 
In t his study we have measured t he cutaneous blood flow 
(CBF) in pso riatic lesions and in uninvolved skin of patients 
with psoriasis a nd compared the results with CBF in norma l 
su bjects, us in g t he atraumatic local 13 '3Xe washout method. 
MATERIALS AND METHODS 
Patients and controls 
Twenty patients with psoriasis vulgaris involving 20- 50% of the 
tota l skin and 10 normal subjects were studied after informed consent 
was obtained. 
The disappea rance rate of 133Xe was measured on t he proximal 
extenso r site of t he forearm in 10 patients with typically stable chronic 
psoriasis plaques at least 10 em in diameter, and in 10 patients with 
clinically normal-appea ring skin and without any history of recent 
psoriasis lesions on t he proximal extensor site of the forearm. None of 
the patients had any signs or symptoms of ca rdiovascular diseases or 
other skin disease than psoriasis. Most of the patients were totally 
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unt reated; however 2 patients had received sporadic topical treatment 
with hydrocortisone and 1 patient gave doubtful information about a 
possible treatment with betamethasone during the weeks prior to 
referral to our clin ic. No t reatment was allowed at least 1 week prior 
to t he measurements. 
Age and sex of t he patients and the normal subjects is seen in Table 
I. 
All measurements were performed at constant room temperature, 
21- 22"C, in t he sitting posit ion, and with the forearm at heart level. 
The habitual smokers had abstained from smoking at least 3 h before 
measurements started [6,7). 
Measurement of CBF 
Blood flow in cutaneous t issue on the proximal extensor site of the 
forearm was estimated by the local epicutaneous 133Xe washout method 
and it was essentially t he same as previously described in detai l [8,9). 
Kety's local washout method is based on injection directly into the 
t issue of a radioactive tracer. However, t he injection trauma induces 
hyperemia [8,10) and to study t he undisturbed CBF it is necessary to 
use a nontraumatic epicutaneous labeling technique. 
Application of tra.cer, epicutaneous labeling 
A small ci rcula r P lexiglas labeling chamber (4 em diameter) was 
gently held against the skin and 0.1 ml 133Xe dissolved in saline (sp act 
10 mCi per 3 ml isotonic saline) was installed/ deposited over the skin 
into t he chamber. After 3 min the 133Xe solut ion was withdrawn into a 
syringe and the labeling chamber was removed. T he surplus tracer fluid 
was carefully dabbed away with cotton wool. To avoid any retrograde 
diffusion t hrough t he skin-which might be a possibility especially 
t hrough t he diseased psoriatic skin- a 6 em-diameter and 20 11m-thick 
circular Mylar membrane was fixed to the periphery of the tracer-
marked skin area during the measurements. 
Counting procedure 
Measurements of the tracer disappearance were started 5 min afte r 
initiating the labeling. The decline of radioactivity was monitored 
externally using a Nal (Tl) scint illation detector placed 5 em above the 
radioactive field and collimated to see no more than the labeled area. 
The pulses from t he detector were fed into a printing gammaspectro-
meter. The centerline was adjusted to t he 0.081 MeV peak of gamma 
maximum energy of 133Xe (the window is symmetrical around t his 
photopeak). T he activi ty was printed out in intervals of 20 s and the 
counting was cont inued fo r at least 50 min. T he count rates, corrected 
for ambient background activity, were then plotted semilogarithmically 
as a fun ction of time. 
Calculation of CBF 
133Xe, being an inert gas, is freely diffusible through the tissue. Since 
'""Xe is highly soluble in lipid, t his tracer will accumulate in the 
subcutaneous adipose t issue. Radiographic investigations have shown 
that the accumulation of 133Xe in subcutaneous t issue begins at the 
very beginning of t he epicutaneous labeling period [11] and at a rate 
which depends on t he blood flow through the cutaneous tissue. The 
undisturbed washout curve of "13Xe fo llowing epicutaneous labeling has 
a biexponential course due to a high washout rate from dermis and a 
slow clearance rate from t he subcutaneous adipose t issue. The different 
washout rates can be calculated by graphic resolution of the washout 
curve. This was done in t he following manner: 
The monoexponential clearance of 1a3Xe was identified after 30-40 
min and extrapolated to t ime zero. Subtracting th is line from the initial 
total washout curve resulted in another monoexponential plot, which 
is t he dermal clearance curve. 
The cutaneous blood fl ow, fc, was calculated from t he initial dermal 
washout plot, using t he rearranged Kety formula: 
fc = K X Ac X 100 ml/ 100 g/min 
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TABLE I. Cutaneous blood flow (CBF, ml/ /00 g/min ± SE) at the extensor site of the proximal forearm in normal subject!; and in involved and 
uninvolved shin of patients with psoriasis vulgaris 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Mean 
± 1 SEM 
Sex 
M 
F 
F 
M 
M 
M 
F 
M 
F 
M 
Psoriasis 
Age 
65 
49 
22 
25 
45 
63 
20 
55 
73 
32 
45 
6 
CBF ± l SE Sex 
72.3 ± 0.9 F 
29.3 ± 2.1 M 
36.2 ± 2.4 M 
64.8 ± 1.5 M 
43.4 ± 1.4 F 
95.5 ± 6.5 F 
99.4 ± 2.9 F 
91.9 ± 2.1 M 
79.7 ± 7.8 M 
23.8 ± 0.5 M 
63.6 
9.0 
p « 0.0001 
where < is t he washout rate constant in t he cuta neous t issue and A, the 
blood-to-tissue partition coefficient. A value of A, = 0.7 for normal 
cutaneous tissue has previously been calculated [6]. However, since A, 
is high ly inf1uenced by t he lipid content of the tissue and previous 
reports have indicated an altered lipid metabolism in psoriatic s kin 
[1 2- 15], it was necessary to determine t he relative lipid, water, a nd 
p rotein content in psoriat ic skin lesions in order to calculate a tissue-
to-b lood partition coefficient for psoriatic cutaneous t issue (A,.1, .,). 
Measuremen{s of water, lipid, and protein content in. psoriatic shin 
Six biopsies from 6 adu lt inpatients wit h psoriasis vulgaris were 
selected for study after informed consent was obtained. None of the 
patients had received any treatment of t he site of biopsy for at least 7 
days before t he biopsy was taken a nd most of t he patients had had no 
t reatment of their psoriasis for several months or more. 
A 4-mm punch biopsy was taken from the center of a typical 
untreated psoriasis plaque a fter a ring of anesthesia 5- 6 em wide a nd 
at least 2 em from t he biopsy site was produced by in t raderma l injection 
of 1% lidocaine without epinephrine in t he lateral proximal thigh or 
proximal extensor site ·of the forearm . Any subcutaneous t issue was 
carefu lly removed by dissection from t he biopsy before it was placed in 
an a ir-t ight glass tube and the weight of the biopsy calculated. By 
standard histologic examination of several previous biopsies, using the 
same tec hnique, and from 3 biopsies in this series it was secured that 
subcutaneous adipose t issue was not included in t he biopsy and that 
the deep dermis was present in the samples. 
After being evapora ted to tota l dryness and constant weight, the 
lipid was extracted by (1) ch loroform -methanol (2:1, V /V), (2) chloro-
fo rm -metha nol (2:1) , repeated twice, (3) chloroform-metha nol (1:2) in 
a warm water bath for 30 min at 6o· c , (4) chloroform-metha nol (1:2) 
overnight, and finally (5) chloroform. The lipid extraction was repeated 
twice and after this procedure, which totally removes all lipids from 
t he t issue biopsies [16], t he biopsies were again evaporated to total 
dryness and weighted. The dry matter after extraction of all water and 
lipids consists almost exclusively of proteins and very sma ll quanti t ies 
of minerals and carbohydrates. Minerals a nd carbohydrates do not 
contribute to the solubility coefficient. T he dry matte r is therefore, for 
practical purposes, called "proteins." 
Calculation of the partition coefficient for psoriatic shin. 
Knowing the relative content of water, protein, and lipid in psoriatic 
skin , the solubil ity of "'Xe, S'3:JXe was calculated from t he formu la 
[17]: 
(
solubili ty ) 
coefficient x % protein 
(protein ) 
(
solubili ty ) 
coefficient x % lipid 
(lipid) 
+ 
+ (
solubility ) 
coefficient x % saline 
(saline) 
where the solubility coefficient of "13Xe in lipid is 18.424 a nd the 
co rresponding va lues for protein and saline are 1.493 a nd 0.778, re-
spective ly [18]. 
Normal subjects Unin volved skin or psoriatic patients 
Age CBF ± l SE Sex Age CBF ± 1 SE 
25 5.9 ± 0.1 M 33 15.9 ± 1.0 
19 5.3 ± 0.1 M 62 13.7 ± 0.1 
28 6.9 ± 0.6 F 29 8.2 ± 0.2 
33 6.2 ± 0.2 F 34 7.2 ± 0.5 
27 5.0 ± 0.5 M 52 10.1 ± 0.4 
38 4.6 ± 0.8 F 59 8.5 ± 0.8 
47 9.8 ± 0.3 M 30 12.6 ± 0.8 
50 6.6 ± 0.6 M 57 21.7 ± 0.3 
33 5.4 ± 0.3 F 33 13.1 ± 0.3 
32 6.9 ± 0.6 F 27 10.7 ± 0.4 
33 6.3 42 11.0 
3 0.5 4 1.3 
< 0.0002 
TABLE II. The relative content of water, lipids, and protein in 
psoriatic shin 
Patient Sex Age Water Lipids Protein (%) (%) (%) 
A M 33 23.3 1.7 75.0 
B F 59 25.9 1.5 72.6 
c F 55 19.7 2.3 78.0 
D M 52 29.5 6. 1 64.4 
E M 30 23.1 2.1 74.8 
F F 29 19.7 1.1 79.2 
Mean 43 23.5 2.5 74.0 
± 1 SEM 6 1.5 0.7 2.2 
Using t he above formula the solubili ty of ""'Xe in blood was calcu-
lated to 148.5 ml / 100 g. The tissue-to-blood partit ion coeftl cient fo r 
psoriatic cutaneous tissue, A,.1, 0 , was t hen calculated by dividing t he 
solubili ty coefficient of Xe in psoriatic skin by the solubili ty of ""'Xe 
in blood. 
S tatistics 
L inear regression by means of t he least squa res method and the 
Wilcoxon test for unpaired samples were used to a nalyze the results. 
RESULTS 
T he relative water, lipid , and prote in content in psoriatic 
skin biopsies is summarized in T able II. Using t he mean relative 
content as water (23.5 %), lipids (2.5%), and protein (74.0%) in 
the psoriati c skin , the tissue-to-blood parti t ion coefficient, 
"'-'"o' was calcu lated to 1.2 ml/100 g. Measurements of the CBF 
in 10 normal subjects and in involved and uninvolved skin of 
10 patients wit h psoriasis are seen in Table I. 
Mean CBF in psoria t ic skin lesions was 63.6 ± 9.0 ml/100 g/ 
min. This was significantly higher than the mean CBF in 
normal subjects, 6.3 ± 0.5 ml/100 g/min , (p « 0.0001). Mean 
CBF in uninvolved skin in patients with psoriasis was 11.0 ± 
1.3 ml/100 g/min and this was significantly higher than CBF 
in normal subjects (p < 0.0002). 
DISCUSS fON 
Various methods have been used in the past to study the 
periphera l microcirculation and CBF in patients with psoriasis. 
Extensive skin temperature studies [19) have yielded inconclu-
sive resu lts regarding a possible increased blood fl ow through 
psoriatically involved skin . Nyfors and Rothenborg [20], how-
ever, were able to demonstrate a higher skin temperature in 
psoriatic skin in 13 of 14 patients compared with skin temper-
ature in symmetrically normal-appearing skin , indicating an 
increased CBF in psoriatically involved skin. Photoelectric 
pu lse-p lethysmograp hic measurements have shown conflicting 
results. Huff and Taylor [21] and Huff [22] found changes in 
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t he shape of photoelectric pulse-plethysmograms in the fin ger 
of pat ients with psoriasis similar to t hose found in pat ients 
wi t h arteriosclerosis or hypertension. Hedensta m [23], using 
t he same technique, fa iled to demonstrate any abnormality in 
patients wi t h psoriasis and stated t hat t he previously reported 
a bnorma l changes were normal physiologic age phenomena 
seen in normal persons wit h increasing age. Later, Thune [24] 
found evidence of max imal dilat ed vessels in pso riatic skin 
les ions by means of piezoelectric and photoelectric plethysmog-
raphy. 
Hermann and Kanof [25] demonstrated t hat psoriatic 
p laques were not stained after intravenous injection of flum·es-
cein. They considered t his to be due to a reduced CBF in 
psoriatic plaques. 
Using a radioactive washout method, Ferguson a nd Epstein 
[26] found t hat the "ni disappearance rate was about twice as 
high in pso riatic p laques as in uninvolved skin . These figures 
were confirmed by Ascheim and Farber [19] using t he same 
technique. [9~"'Tc ]pertechnetate disappeara nce rate was found 
significan t ly higher in psoriat ic plaques t han in uninvolved 
s kin , and t he disappeara nce rate from the skin of psoriatic 
patients at uninvolved s ites did not differ from normal skin 
[27]. H owever , neit her ' ~ 'I nor [99"'Tc]pertechnetate is freely 
diffusible in t he t issue and determination of the disappearance 
rate of t hese isotopes from skin is not dependent solely on t he 
rate of blood fl ow. Furthermore, measurements were performed 
immediate ly a fter t he injection trauma, which per se induces a 
period of hyperemia lasting for at least 20 min [8,10]. The 
conclusions of t hese investigations must t herefore be taken 
wi th precaut ions, a lt hough t hey might give a rough quali tative 
evidence for a higher CBF in psoriatic skin. 
'""Xe, being an inert gas, is freely diffusible t hrough tissue 
a nd the loca l "'''Xe washout technique, provided correct appli -
cation of t he method a nd interpretation of t he washout curve, 
is hi t herto t he best method for quant itat ive measurements of 
CBF. Nyfors and Rothenborg [20] found t hat the CBF in 
psoria tic plaques was twice as high as t he CBF in symmetrical 
uninvolved skin and normal skin in controls, using the mxe 
was hout method. Several important met hodologic faults were, 
however, commi t ted in t hese investigations. First, calculat ions 
of t he CBF were performed during t he t rauma phase, which 
leads to an overestimation of the CBF. Second, graphic curve 
resolu tion was not done a nd this leads to an underestimation 
of the CBF. Third, retrograde diffusion of t he t racer was not 
secured by a Mylar membrane a nd this could lead to an over-
estimation of t he CBF. Fourth , the t issue-to-blood part ition 
coeffi cien t was not estimated for psoria tic skin and , as our 
resul ts have shown, t hi s will lead to a dramatic underestimation 
of t he CBF. Fifth , measurements were perfo rmed in different 
a nato mic regions, which makes a stat istical comparison more 
doubt ful. 
Our results have shown t hat the mean CBF fl ow in involved 
psoriat ic skin on t he forearm was about 60 ml/100 g/min and 
approx imately 10 times higher t han normal CBF. For compar-
ison, Kristensen and H enriksen [28] found t hat t he mean 
normal CBF in the fin ger of normal subjects was 8.9 ml/ 100 g/ 
min , which increased afte r vascular occlusion fo r 15 min to a 
max imum of 98 ml/ 100 g/min. 
There have been numerous histologic studies showing abnor-
m a l blood vessels in psorias is, indicating s ignificant changes in 
t he microcirculation [1 - 5]. A direct correlation was shown to 
ex ist between budding of derma l papilla, growt h, and fully 
developed abnormally co iled capilla ries and changes in t he 
overlying epidermis [3]. Biochemical and histochemical studies 
h ave shown that the metabolic rate is several t imes higher in 
involved psoria tic skin t han in normal skin. A higher metabolic 
rate should demand a higher CBF a nd our results are in 
acco rda nce wi t h t his. 
Severa l reports have yielded abnormal capilla ries in unin -
volved psoriatic skin a nd, more recently, evidence for a higher 
m etabolic rate even in uninvolved skin has been presented 
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[3]. Our findin gs t hat t he CBF in uninvolved skin in psoriatic 
patients was in fact twice as high as normal skin blood fl ow is 
in accordance wit h t he e findin gs. 
A few studies have showed altered lipid metabolism in pso-
riatic scales and epidermis [12- 15]. We have found t hat t he 
lipid conten t in t he skin was 2.5 t imes higher in psoriatic 
involved skin t han in normal skin [18]. Furt hermore, t he water 
con tent was ma rkedly reduced compared to normal water con-
tent of skin , i.e., 23.5% vs 72.5% in normal skin [18], and t his 
is in accordance wit h the general empirical clinical experience. 
Cooper, McGrath, and Shuster [15] demonstrated a slightly 
ra ised lipogenic rate in uninvolved epidermis fro m psoriatic 
subjects. It is t herefore possible t hat t he surface lipid film and 
t he keratin lip ids of stratum corneum might be altered in 
uninvolved psoriatic skin , and t his would influence t he tissue-
to-blood part it ion coefficien t. Provided t hat t he relative water 
content in uninvolved psoriatic skin is the same as in normal 
skin , an increase of t he total lipid conten t in normal skin from 
1% to 2% would only increase t he X value from 0.7 to 0.8, 
leadin g to an 14% underestimation of t he CBF in uninvolved 
psoriatic skin . However , t he questions must remain open , as to 
whether our va lues of t he CBF in uninvolved psoriatic skin is 
underestimated or not since data concerning lip id content in 
norma l-appea ring skin in patients wit h psoriasis are not avail -
able. 
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Combined Chemical and Electron Microscopic Studies of 
Pheomelanosomes in Human Red Hair 
KOWICHI JIMBOW, M.D., PH.D., 0SAMU ISHIDA, M.D., SHOSUKE ITO, PH.D., YOSHIAKl HORI, M.D., PH.D., 
CARL J. WITKOP, JR., D.D.S., M.S., AND RICHARD A. KING, M.D ., PH.D. 
Sapporo Medical College (KJ, 01), Sapporo, Fujita-Gakuen University (S/J, Toyoahe, Yamanashi Medical College (YH), Yamanoshi, Japan ond 
University of Minnesota (CJW, RAK), Minneapolis, Minnesota, U.S.A. 
This study clarified the fine structure of pheomelan-
osomes in human red hair by quantifying the contents 
of pheomelanin and eumelanin and by identifying the 
fine structure of melanocytes and melanosomes based on 
their melanogenesis type in follicles. Out of 5 red-haired 
subjects, 3 were found to exhibit pheomelanogenesis in 
follicles, while the remaining 2 were found to have a 
mixed type melanogenesis of pheomelanin and eume-
lanin. Melanocytes in the pheomelanic follicles con-
tained spherical melanosomes which revealed sequences 
of development identical to those seen in the pheomelan-
osomes of mice and guinea pigs. In contrast, the follicles 
of mixed type melanogenesis contained 2 different pop-
ulations of melanocytes, i.e., one with synthesis of spher-
ical melanosomes such as seen in the pheomelanic folli-
cles and the other with synthesis of ellipsoidal-lamellar 
(filamentous) granules of eumelanosome form. It was 
concluded that (a) visual differentiation of hair color 
does not always reflect the melanogenesis type in human 
red hair, (b) chemical analysis of melanogenesis type 
corresponds well to the fine structural differentiation of 
eumelanosomes and pheomelanosomes, and (c) human 
pheomelanosomes are spherical granules with microves-
icular (vesiculoglobular) and proteinaceous matrices on 
which melanin deposition is spotty and granular. 
Two basic classes of melanin pigment are synthesized in 
mammals, i.e., brown-black eumelanin and yellow to reddi sh-
brown pheomelanin . The cytophysiology of pheomela nin syn-
t hesis in terms of regulation of hair color and melanosome 
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morphogenesis is well understood in mice a nd guinea pigs, and 
t he key structura l feature of pheomelanogenesis is t he synt hesis 
of spherical melanosomes with a granular and microvesicu lar 
internal structure [1] . In huma ns, pheomelanogenesis is best 
seen in red hair. However, t he fine structure of pheomelano-
somes in human red hair has been unsettled. Earlier, Birbeck 
and Barnicot [2] observed t hat t he pigment granules in the 
melanocytes of human red hair are round and slightly oval and 
that they are composed of a loose aggregation of small dense 
particles. Mahrle and Orfanos [3] a lso observed the presence 
of rather spherica l granules, the fine structure of which was 
different from typ ical eumelanosomes. Later, however, Mottaz 
and Zelickson (4], and Stanka [5] showed t hat t he melanocytes 
of human red hair contain ellipsoidal -lamellar (filamentous) 
melanosomes similar to eumelanosomes of stages II and III. 
Furthermore, it has recently been reported that, in the keratin -
ocytes of red hair bulbs, melanosomes with a granular in ternal 
structure outnumber ellipsoida l melanosomes, and the sugges-
tio n has been made that the melanosomes change their shape 
from ellipsoidal to spherical when they are transferred to ker-
atinocytes [6]. This study clarifies the fine structure of pheo-
melanosomes in huma n red ha ir by quantifying the contents of 
pheomela nin and eumelanin and by iden t ifying the fine struc-
ture of melanocytes and mela nosomes based on their melano-
genesis type in folli cles. 
MATERIALS AND METHODS 
The red hair (fire reel and light red) of 5 Caucasian subjects was 
processed in this study. For electron microscopic study, hair folli cles 
were plucked, fixed in Karnovsky's solu t ion conta ining 2% parafor-
maldehyde and 2% gluta ra ldehyde [7], and mailed to J apan. Hair bulbs 
in the anagen phase were then selected under a dissecting microscope. 
These were fi xed wi t h 1% osmium tetroxide, stained en bloc with 1.5% 
uranyl acetate, dehydrated by alcohol solut ions, mounted in epoxy 
resin, and examined with a Hitachi HS-8 electron microscope 18]. For 
chemical analys is of eumelanin and pheomelanin contents, a bundle of 
hair folli cles from each subject was cut with scissors and mailed to 
Japan. The ha ir folli cles were then processed to chemical analysis using 
high-performance liqu id chromatography (HPLC) following our pre-
viously reported met hod [9]. Briefly, eumelanin content in follicl es was 
estimated by multiplying t he amount of pyrrole-2,3,5-trica rboxylic ac id 
(PTCA) , a major pyrrolic product or eumelanin , with a factor of 50 
